We present herein an extension of the TDAE strategy using original heterocyclic carbaldehyde as electrophiles. We also evaluate the influence of the presence of nitro group on the reactivity. The TDAE-initiated reactions of various halomethyl and gem-dihalomethyl derivatives with nonnitrated carbaldehyde 1 or 2 formed the expected products accompagnied by original rearranged products while the presence of a nitro group just like the carbaldehyde 21 furnished only the expected products in good yields.
Introduction
Since the discovery of its hypnotic properties, the 2(3H)-benzoxazolone ring became an important building block in medicinal chemistry and led to the discovery of a number of derivatives endowed with antiepileptic, analgesic, antiinflammatory, antispasmodic, antitubercular, antibacterial, antimicrobial, antifungal and normolipemic effects. [1] [2] [3] [4] [5] [6] [7] [8] [9] Moreover, 2(3H)-benzothiazolone, the sulfur bioisoster of 2(3H)-benzoxazolone, led to the synthesis of various serotonine receptor ligands. 10, 11 Tetrakis(dimethylamino)ethylene (TDAE) is an organic reducing agent 12 which reacts with haloalkyl derivatives to generate an anion under mild conditions via two sequential transfers of one electron. 13 Since 2003, we have introduced a new program directed toward the development of original synthetic methods using TDAE methodology in medicinal chemistry. 14 According to this strategy, we have recently developed several reactions between nitrobenzylic, heterocyclic and quinonic substrates and a series of carbonyl electrophiles such as aldehydes, ketones, α-ketoesters, α-ketolactams and ketomalonates leading to the corresponding alcohol adducts. Due to the importance of benzoxazolone building block in medicinal chemistry and in continuation of our research program directed toward the development of original synthetic methods, 14 we report herein the study of the behavior of 2(3H)-benzoxazolone and 2(3H)-benzothiazolone carbaldehyde derivatives with various carbanions which are formed via the TDAE strategy. 
Results and Discussion
In order to explore this reactivity, we have synthesized 2,3-dihydro-3-methyl-2-oxobenzo[d]oxazole-6-carbaldehyde 1 and the 2,3-dihydro-3-methyl-2-oxobenzo[d]thiazole-6-carbaldehyde 2 ( Figure 1 ) in one step from commercially available 3-methyl-2(3H)benzoxazolone and 3-methyl-2(3H)benzothiazolone via a formylation reaction using hexamethylenetetramine and polyphosphoric acid. 
Figure 1
We used four monohalomethyl substrates (nitrobenzylic and anthraquinonic) and two gemdihalomethyl ones (anthraquinonic and quinoxalinic) which are known to form anions under TDAE strategy.
14 The first attempts concern the reactions of halomethyl derivatives 3a-c, 4 with 3 equiv of heterocyclic aldehyde 1 or 2 in DMF and in the presence of TDAE at -20 °C for 1 h, followed by 24 h or 2 h at r.t., which furnished the corresponding alcohol derivatives 5a-c, 6a-c, 7, 8 in moderate to good yields. The optimized yields are reported in Table 1 . All the reactions were performed using 3 equiv of aldehyde 1 or 2, 1 equiv of halomethyl derivative 3a-c and 4 and 1 equiv of TDAE in anhydrous DMF, 1 h at -20 °C followed by 24 h at r.t. for 3a and 3b or 2 h for 3c and 4. % All yields refer to chromatographically isolated pure products and are relative to halomethyl derivatives 3a-c and 4.
The reaction time at r.t. has been optimized according to the corresponding halomethyl derivatives i.e. 24 h for derivatives 3a and 3b and 2 h for derivatives 3c and 4. Increasing time for compounds 3c and 4 for 24h at r.t. caused to decrease the yield of product. The reason of this phenomenon was not clear to us but maybe arose from the low stability of the corresponding carbanions.
We have continued our study by using gem-dibromomethyl derivatives such as 2-(dibromomethyl)-1,4-dimethoxy-anthracene-9,10-dione 9 and 2-(dibromomethyl)quinoxaline 12. Surprisingly, the reaction of 1 or 2 with these two dibromomethyl substrates 9, 12 under TDAEinitiated conditions produced original compounds. The reactions of 9 with 1 or 2 led to the formation of observed alcohol 7 or 8 and ketone 10 or 11. The yield of compounds 7, 8, 10 and 11 were 44, 50, 12 and 15% respectively (Scheme 1). The formation of alcohol derivatives 7 and 8 may be explained by the reduction of dibromomethyl substrate 9 by the TDAE in the monobromomethyl derivative 4 which reacts under TDAE conditions with 1 or 2. The formation of the ketone derivatives 10-11 could be explain by the rearrangement of the expected oxirane during the purification process.
17 Effectively, in the 1 H-NMR spectra of the crude product we have observed the alcohol and the signal of oxirane but after purification by column chromatography (silica gel) we have obtained these original ketone products. The position of the carbonyl group in 10 and 11, between the two aromatic rings, has been determined after comparison of NMR spectra with those of the ketones formed by oxidation of 7 or 8. In the reaction of 2-(dibromomethyl)-quinoxaline 12 with 1 or 2, we have observed the expected cis-trans mixture of oxirane 13 or 14 in respectively 7 or 57% and an original dimeric compound 15 or 16 in respectively 41 and 30% yields (Scheme 2). This difference of reactivity could be explained by a stronger unstability of oxiranes in benzoxazolone series. Formation of compounds 15 and 16 arises from the dimer of ketone analogs, this dimerization could occurs during the rearrangement of oxirane.
12e This versatile reactivity observed with these two heterocyclic carbaldehydes could be explained by the low electrophilicity of carbonyl allowing the development of side reactions. In order to activate the carbonyl group of these heterocyclic carbaldehydes, we have used an analog of these carbaldehydes containing an electron withdrawing group such as the nitro group. Indeed, we have prepared the 2,3-dihydro-3-methyl-6-nitro-2-oxobenzo[d]oxazole-5-carbaldehyde from 2-amino-4-methylphenol 17 by a procedure containing four steps (Scheme 3). The condensation of 17 with urea followed by a methylation using dimethylsulfate has furnished the 3,5-dimethylbenzo[d]oxazol-2(3H)-one 19. 11, 18 The radical bromination of 19 with 2 equiv of The reaction of aldehyde 21 with mono-and bis-halomethyl substrates 3a-c, 4 and 9, 12 under TDAE-initiated conditions furnished the expected alcohols 22a-c, 23 (Scheme 4) and oxiranes 24, 25 (Scheme 5), in good yields. Scheme 5. TDAE-initiated reactions of dibromomethyls 9 and 12 with aldehyde 21.
In order to optimize reaction conditions, we have studied the influence of the chloride/aldehyde/TDAE ratio and the reaction time. The best reaction conditions for the halomethyl derivatives 3a-c, 4 have been found with 3 equiv of aldehyde 21, 1 equiv of halomethyl derivatives 3a-c, 4 and 1 equiv of TDAE in anhydrous DMF, 1h at -20 °C followed by 2 h at r.t. (Scheme 5). The corresponding alcohols have been isolated.
Concerning the formation of oxiranes via the reaction of the dibromomethyl derivatives 9, 12 with 21 under TDAE conditions, the optimized protocol was defined with 3 equiv of aldehyde 21, 1 equiv of dibromomethyl derivatives 9, 12 and 1.5 equiv of TDAE in anhydrous DMF, 1h at -20 °C followed by 2 h at r.t. (Scheme 6). Only the trans isomers of the oxiranes 24 and 25 have been obtained in respectively 73 and 72% yields. This stereoselectivity is in agreement with the previous results in which the dibromomethyl derivative 9 furnished only the trans isomer of corresponding oxirane with o-nitro and o-bromo-benzaldehydes. 
Conclusions
We present herein an extension of the TDAE strategy using original heterocyclic carbaldehydes with great biological interest. This method furnished two series of new benzoxazolone and benzothiazolone derivatives. This study allowed us to discover new original reactivity and to define some limits of the TDAE strategy. We have shown the importance of the electrophily of carbaldehyde to obtain classical TDAE reactivity and to limit the development of secondary reactions. Moreover, as observed in our previous studies, 14e we have shown the unstability of some diaromatic oxiranes. In continuation of our program directed toward the preparation of new bioactive compounds as anti-infectious agents, the pharmacological evaluation of all these synthesized compounds is under active investigation in this area.
Experimental Section
General. Melting points were determined on a Buchi capillary melting point apparatus and are uncorrected. Elemental analyses were performed by the Centre de Microanalyses of the spectropole (Aix-Marseille University 
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General procedure for the reaction of halomethyl or dihalomethyl derivatives (3a-c, 4, 9, 12) and carbaldehydes (1, 2) using TDAE Into a two-necked flask equipped with a drying tube (silica gel) and a nitrogen inlet was added 10 mL of anhydrous DMF solution of halomethyl (dihalomethyl) derivative 3a-c, 4, 9, 12 (1 mmol) and carbaldehyde 1, 2 (3 mmol). The solution was stirred and maintained at this temperature for 30 min and then was added dropwise (via a syringe) the TDAE (1 mmol). A red color immediately developed with the formation of a white fine precipitate. The solution was vigorously stirred at -20 °C for 1 h and then warmed up to r.t. for 24 h 3a, 3b or for 2 h 3c, 4, 9, 12. After this time TLC analysis (CH 2 Cl 2 ) clearly showed that compound 3a-c, 4, 9, 12 was totally consumed. The solution was filtered (to remove the octamethyl-oxamidinium dihalide) and hydrolyzed with 80 mL of H 2 O. The aqueous solution was extracted with chloroform (3x40 mL), the combined organic layers washed with H 2 O (2x40 mL) and dried over MgSO 4 . Evaporation of the solvent left an orange viscous liquid as crude product. Purification by silica gel chromatography and recrystallization from appropriate solvent gave corresponding products. General procedure for the reaction of halomethyl or dihalomethyl derivatives (3a-c, 4, 9, 12) and carbaldehydes 21 using TDAE Into a two-necked flask equipped with a drying tube (silica gel) and a nitrogen inlet was added 10 mL of anhydrous DMF solution of halomethyl (dihalomethyl) derivatives 3a-c, 4, 9, 12 (1 mmol) and carbaldehyde 21 (3 mmol 
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6-[1-Hydroxy-2-(4-methyl-2-nitrophenyl)ethyl]-3-methylbenzo[d]oxazol-2(3H)-one (5c). Pale green solid; mp 222 °C (propan-2-ol
